The resting bacterial spore is characterized by its unique resistance to destruction by high temperatures and the inability to take up stain. However, when incubated in the proper nutrient medium, it rapidly undergoes several changes without loss of viability. -These changes, collectively known as germination, include, among others, loss of heat resistance, ability to take up stain, decrease in refractive index and a sudden increase in metabolic rate. In our work the first three (also accepted by several other workers in the field, particularly those working on the biochemical nature of germination) were used as the criteria of germination. The specific germination requirements vary with the species, strain, history of the spores, treatment given the spores prior to incubation in the nutrient medium etc. (Hills, 1950; Powell, 1950; Powell and Hunter, 1955; Levinson and Sevag, 1953; and Hachisuka et al., 1955a) . Nevertheless, most aerobic bacterial spores rapidly germinate when incubated at 30 to 35 C in a simple, chemically defined. buffered or unbuffered medium consisting of single amino acids and/or adenosine or glucose, after heating for 10 to 15 min at 60 to 65 C (Hills, 1949a, b; Powell, 1951 and finally suspended in water to give 109 spores per ml of suspension. These are referred to as "phosphate washed" and "versene washed" spores, respectively. The effect of inhibitors of germination was studied with spores which germinated rapidly and completely ("phosphate or versene washed" spores), while that of stimulatory substances was studied with spores which did not show any significant germination in 60 min when incubated with the nutrients in water ("untreated" spores 
The resting bacterial spore is characterized by its unique resistance to destruction by high temperatures and the inability to take up stain. However, when incubated in the proper nutrient medium, it rapidly undergoes several changes without loss of viability. -These changes, collectively known as germination, include, among others, loss of heat resistance, ability to take up stain, decrease in refractive index and a sudden increase in metabolic rate. In our work the first three (also accepted by several other workers in the field, particularly those working on the biochemical nature of germination) were used as the criteria of germination. The specific germination requirements vary with the species, strain, history of the spores, treatment given the spores prior to incubation in the nutrient medium etc. (Hills, 1950; Powell, 1950; Powell and Hunter, 1955;  Levinson and Sevag, 1953; and Hachisuka et al., 1955a) . Nevertheless, most aerobic bacterial spores rapidly germinate when incubated at 30 to 35 C in a simple, chemically defined. buffered or unbuffered medium consisting of single amino acids and/or adenosine or glucose, after heating for 10 to 15 min at 60 to 65 C (Hills, 1949a, b; Powell, 1951) . Stewart and Halvorson (1953) found that a heat shocked suspension of spores (108 spores per ml) of B. cerets var. terminalis (B. terminalis) germinated rapidly and nearly completely when incubated in 67 mm of pyrophosphate at pH 8.3, 6 mm of L-alanine and 12,moles of adenosine. Church (1955) found that these spores germinated equally well in an unbuffered medium. The spores used in this investigation, produced in a metal pilot plant, failed to germinate normally in unbuffered L-alanine and adenosine. This inhibition was believed to be due to metal contamination. As a consequence the effects of various netal ions and sequestering agents on the germi-nation and respiration of and growth from B. terniinalis spores were studied.
MATERIALS AND METHODS
Spores. The spores were grown at Fort Detrick, Maryland, in aerated G medium (Stewart and Halvorson,.1953 ) in a metal pilot plant, harvested by centrifuging, washed many times with distilled water and stored in the wet frozen state. Before use the spores were again repeatedly washed with water and finally suspended in water to give a suspension of 109 spores per ml. These will hereafter be referred to as "untreated" spores. Alternately, the spores were treated with 33 mI phosphate buffer or with 0.6 per cent "versene" (EDTA) pH 7.4, repeatedly washed with water and finally suspended in water to give 109 spores per ml of suspension. These are referred to as "phosphate washed" and "versene washed" spores, respectively. The effect of inhibitors of germination was studied with spores which germinated rapidly and completely ("phosphate or versene washed" spores), while that of stimulatory substances was studied with spores which did not show any significant germination in 60 min when incubated with the nutrients in water ("untreated" spores Respiration and glucose oxidation. Oxygen uptake was measured at 30 C in the Warburg constant volume respirometer. The effect of inhibitors was determined by heat shocking the spores with the required amount of the agent. The total volume was always 2.2 ml. The reaction systems always contained: In the main compartment, a mixture of spores with or without inhibitor equivalent to 108 spores and water sufficient to 1.5 ml; in the side arm, 0.3 ml of germinating solution and 0.2 ml of 50 mm glucose or water; in the center well, 0.2 ml of 20 per cent KOH.
Growth. Vegetative growth was studied by plating a heat shocked suspension of the spores on nutrient agar or on G-medium agar and by counting the colonies in 24 hr. Alternately, nutrient broth or G-medium was inoculated with a heat shocked suspension of the spores and growth followed by staining and changes in optical density. The effect of an inhibitor on growth was determined by adding a sterile solution of it aseptically to the medium in the required amount just before inoculation or plating.
Alanine racemase. The racemase activity was determined by the static assay method of Stewart and Halvorson (1953) . To determine the effect of inhibitors on the racemase activity, the spore suspension was heat shocked with the required amount of the inhibitor prior to incubation with L-alanine. To make sure that the observed effect was not due to the action of the inhibitor on the D-amino acid oxidase, an equal amount of inhibitor was added to the control. The total volume was always 2.2 ml.
Germinating solution. The germinating solution contained 26.7 mg per ml of L-alanine and 0.6 mg per ml of adenosine in water.
Metal ions. The stock solutions of metallic salts prepared were 0.01 M magnesium sulfate, 0.01 M manganous sulfate, 0.01 M ferrous ammonium citrate, 0.01 M copper sulfate or 0.01 M chromium sulfate. p-Chloromercuribenzoate (0.01 M) and phenyl mercuric acetate (0.01 M) were also prepared. However, upon adjusting the pH of these two to 7.5, some of the salts separated out and hence the actual concentration employed is not known in these two cases.
Enzyme inhibitors. The stock solutions of enzyme inhibitors were 0.1 M arsenate, 0.1 M arsenite, 0.1 M borate, 0.1 M cyanide, 0.1 m fluoride or 0.1 M monoiodoacetate. The pH of each of these was adjusted to 7.0 to 7.5 with sodium hydroxide or hydrochloric acid.
Other reagents. In addition to the above, the effects of some other substances were also studied. Stock solutions of these were 0.1 M bicarbonate, 0.1 M chloride, 0.1 M citrate, 0.1 M glutathione, 0.1 M phosphate, 0.1 M sulfate, 0.6 per cent versene, 0.5 per cent thioglycolate or 0.004 M oxine. The pH of each of these was adjusted to 6.8 to 8.3.
Heat shock. Heat activation of spores was always accomplished by heating the spore suspension for 15 min at 65 C in a water bath.
RESULTS
A suspension in water of B. terminalis spores, produced at Fort Detrick, failed to germinate normally even after prolonged heat shock. (Normal germination signifies rapid and nearly complete germination of a heat shocked spore suspension when incubated in L-alanine and adenosine at 30 C.) The alanine racemase was, nevertheless, active as a suspension of the spores in water racemized L-alanine. The racemase was inhibited by iron, copper, chromium or mercury ions. The "untreated" spores germinated normally when suspended in phosphate buffer (pH 7.0), the minimum effective concentration of phosphate being 3 X 10-4 M. Manganese or magnesium ions could not reverse the inhibition of normal germination of "untreated" spores, although they had a slight stimulatory effect on the germination of the spores suspended in phosphate and "phosphate or versene washed" spores. The effect of these ions on the germination of the "untreated" spores suspended in versene was very interesting as they completely inhibited germination. This inhibition could be overcome by the addition of more versene. Iron, copper, chromium or mercury ions completely inhibited the germination of "phosphate or versene washed" spores. The minimum inhibitory concentrations of these were: Chromium, 8 X 10-5 M; Copper, 1.2 X 10-4 M; Iron, 2 X 10-4 M. This inhibition could be reversed only partially by washing. It was further observed that some of the substances which were noted to promote the normal germination of "untreated" spores could completely overcome the inhibition of germination of "phosphate or versene washed" spores by iron, copper, chromium, or mercury ions. Church et al. (1954) have shown that B. terminalis spores germinated under conditions in which the alanine racemase was completely inactive. Our observation that the racemase was active in spores which failed to germinate normally when suspended in water supports their conclusion that germination is independent of alanine racemase activity. The racemase appears to be a -SH enzyme because of its inhibition by metal ions.
Using B. terminalis spores grown in all glass apparatus, Church (1955) found that a suspension in water germinated normally. The inability of a water suspension of spores, produced at Fort Detrick in metal pilot plant, to germinate normally (although suspensions of the spores in phosphate, bicarbonate or versene germinated normally) was probably due to some metal contamination of the spores, and the above reversed this inhibition by sequestering the metal. This assumption was further strengthened by the observation that manganese or magnesium ions, which had no effect on the germination of the "untreated" spores and of the "phosphate or versene washed" spores, completely inhibited the germination of the spores suspended in versene and that, upon addition of more versene, these spores again germinated normally. This behavior could be explained by assuming that the metal originally responsible for the inhibition of germination was tied up by versene or phosphate. If the spores were now washed, the inhibiting metal was removed with the phosphate or versene. If, on the other hand, manganese or magnesium ions were added to these spores without washing, the metal so tied up was released back into the cr, complete reversal of inhibition; pr, partial reversal of inhibition;-, no reversal of inhibition. medium by manganese or magnesium themselves sequestering with the versene, thus causing inhibition. Levinson and Sevag (1953) found iron or copper ions to inhibit the germination and respiration of Bacillus megaterium, Bacillus subtilis or B. cereus spores and found manganese and to a less marked extent cobalt or zinc to stimulate both only in the case of B. megaterium. Powell (1950) found mercuric chloride to inhibit the germination of B. subtilis spores in L-alanine. The inhibition of germination by heavy metal ions and the ability of glutathione or thioglycolate to reverse this inhibition suggest the possibility of -SH groups being involved in the germination process. The inhibition of germination by oxine also noted by Keilin and Hartree (1947) and Powell (1951) makes it probable that a metal ion may be involved in the process of germination.
Iron was found to be the weakest inhibitor of the metals studied, and the inability of iron to suppress growth while it suppressed respiration of germinated spores was probably due to the pressence of phosphate-the strongest promoter of germination-in the growth medium. We found that the inhibition of germination of "phosphate or versene washed spores" heat shocked with metal ions could not be completely reversed by mere washing with water. Powell (1950) found that, while 80 per cent of the spores of B. subtilis washed after treatment with mercuric chloride showed the change in staining properties associated with germination when incubated with Lalanine and glucose, no visible colonies were produced by plating these spores on peptone-agar, a maximum of 50 per cent revival being obtained when 0.1 per cent BAL was added to the final dilution and allowed to stand 1 hr before plating. It thus appears that viable counts alone cannot be taken as a true measure of germination when the effects of inhibitors are being studied.
The inability of all the inhibitors of glycolysis or of the tricarboxylic acid cycle so far listed to inhibit the germination of spores-an observation also made by Powell (1951) , Powell and Hunter (1955) , Harrell and Halvorson (1955), and Hachisuka et al. (1955b) -and the ability of the spores to germinate under anaerobic conditions also observed by Roth and Lively (1956) with other aerobic spores, make one seriously doubt if the first phase of germination is an energy requiring process.
The relative insensitivity of the respiration of germinated spores to cyanide also observed by Tarr (1933) and by Keilin and Hartree (1947) is probably due to its mediation through diaphorase shown by Spencer and Powell (1952) to be present in the spores of B. subtilis and B. megaterium. In view of the complete suppression of respiration of germinated spores by arsenate, arsenite or monoiodoacetate, it will be clear that failure to note the sudden increase in metabolic rate generally observed on the germination of spores cannot always be construed as absence of germination. While we found cyanide to have no appreciable effect on growth from B. terminalis spores, Hachisuka et al. (1955b) found it to completely suppress growth from spores of B. subtilis (PCI 219). Much cannot be said about this or the effects of the other enzyme inhibitors on growth from these spores until the relative importance of the various enzymes known to be inhibited by them in the economy of the homologous vegetative forms is understood in some detail.
SUMMARY
A suspension in water of Bacillus cereus var.
terminalis spores produced at Fort Detrick in a metal pilot plant failed to germinate when incubated with L-alanine and adenosine. This inhibition of germination was shown to be due to contamination of the spores with some metal. The alanine racemase of these spores was active. It could be inhibited by heavy metal ions. 
